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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 
; • COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 
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(57) A "technique, specifically apparatus and an 
accompanying method, for accurately thresholding an 
image based on local image properties, specifically lumi- 
nance variations, and particularly such a technique that 
us s multi-windowing for providing enhanced immunity 
to image noise and lessened boundary artifacts. Specif- 
ically a localized intensity gradient. G(ij). is determined 
for a' pre-defined window (300) centered about each 
image pixe«ij). Localized minimum and maximum pixel 
intensity measures. U and I™,, respectively are also 
determined for another, though larger, window (330) cen- 
tered about pixel(ij). Also, a localized area gradient 
measure. GS(ij). «s determined as a sum of individual 
intensity gradients for a matrix of pixel positions 370) 
centered about pixel position (i j). Each image pixel(i.D is 
then classified as being an object pixel, i.e.. black, or a 
background pixel, i.e.. white, based upon its area gradi- 
ent GS(i.D. and associated 1™, and L^ measures. 
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Description 

TECHNICAL. FF ' n QE ™ g INVENTION 

The invention relates to a technique, specifically apparatus and an accompanying method, for accurately thresh^ 
olding an image based on local image properties, specifically luminance variations, and particularly one that uses multi- 
windowing for providing enhanced immunity to image noise and lessened boundary artifacts. 

RAPKfiROlJND ART 

With digital image processing and digital communication becoming increasingly prevalent today, increasing amounts 
of printed or other textual documents are being scanned for subsequent computerized processing of one form or another 
and/or digital transmission. This processing may involve, tor example, optical character recognition, for converting printed 
characters, whether machine printed or handwritten, from scanned bit-mapped form into an appropriate character set. 
such as ASCII, the latter being more suitable for use with word processing and similar computerized document-process- 
ing tasks. 

Scanning a gray-scale document typically yields a multi-bit, typically eight-bit. value for each pixel in the scanned 
document. The value represents the luminance, in terms of a 256-level gray scale, of a pixel at a corresponding point 
in the document. These pixels are generated, depending upon the resolution of the scanner, frequently at resolutions 

20 of 200-400 pixels/inch (approximately 80-160 pixels/cm), though with highly detailed images at upwards of 1 200 or more 
pixels/inch (approxi mately 470 pixels/cm). Consequently, a scanned 8 1 /2 by 1 1 inch (approximately 22 by 28 cm) image 
will contain a considerable amount of gray-scale data. Inasmuch scanned text generally presents a written or printed 
characters of some sort against a contrasting colored background, typically white or black print against a white or light 
colored background, or vice versa, the exact luminance value at any one pixel in the text is not as important as whether 

?5 that pixel is either part of a character or the background. Therefore, scanned textual images, or scanned textual portions 
of larger images containing both text and graphics, can be efficiently represented by single-bit pixels in which each pixel 
in a scanned image is simply set to. e.g.. a "one* if that pixel in the original image is part of a character or part of 
foreground information, or to. e.g.. a "zero* H that pixel in the original image is part of the image background. To easily 
distinguish the different types of scanned images, a gray-level image is defined as one having multi-bit (hence muHi- 

30 value) pixels, whereas a binary (or bi-ievel) image is formed of single-bit pixels. Furthermore* since binary images gen- f 
erate considerably less data for a given textual image, such as, e.g.. one-eighth, as much as for an eight-bit gray-scale 
rendering of the same image, binary images are more efficient over corresponding gray-scale images and thus preferred 
for storage and communication of textual images. Binary images are also preferred because of their easy compressibility 
using standard compression techniques, e.g.. CCITT Groups 3 or 4 compression standards. 

35 Gray-scale images are converted to binary images through a so-called thresholding process. In essence, each multi- 
bit pixel value in a gray-scale scanned image is compared to a pre-defined threshold value, which may be fixed, variable 
or even adaptively variable, to yield a single corresponding output bit. If the multi-bit pixel value equals or exceeds the 
threshold value for that particular pixel, the resultant single-bit output pixel is set to a "one"; otherwise if the threshold is 
greater than the multi-bit pixel, then the resultant single-bit output pixel remains at "zero". In this manner, thresholding 

io extracts those pixels, such as those which form characters, or other desired objects, from the background in a scanned 
gray-scale image, with the pixels that form each character, or object, being one value, typically that for black, and the 
pixels for the background all being another value, typically that for white. For ease of reference, we will hereinafter 
collectively refer to each character or other desired object in the image as simply an "object". 

Ideally, the best thresholding process is one which accurately selects all the object pixels, but nothing more, in the 

is scanned image and maps those pixels to a common single-bit value, such as, e.g., "one" for black. In practice, noise, 
background shading, lighting non-uniformities in a scanning process and other such phenomena, preclude the use of a 
single fixed threshold for an entire image. In that regard, if the threshold is too low, the resulting image may contain an 
excessive amount of noise in certain, if not all regions; or, if too high, insufficient image detail, again in certain, if not all, 
regions - thereby complicating the subsequent processing of this image. Given this, the art recognizes that a preferred 

so approach would be to select a different threshold value that is appropriate to each and every pixel in the scanned image. 
In doing so. the proper threshold value is determined based upon local properties of the image, i.e.. certain image 
characteristics that occur in a localized image region for that pixel. Hence, the threshold would vary across the image, 
possibly even adapt to changing localized image conditions. 

In general, a common methodology for variable thresholding relies on measuring localized image characteristics. 

55 such as local intensity contrast (or gradient), local averaged intensity and/or local variance, in a local window centered 
about a pixel of interest and then using these measures to classify image pixels into either object pixels, black, or back- 
ground pixels, white. Here. too. reality diverges from the ideal inasmuch this methodology is complicated, and often 
frustrated by a need to extract various objects in a wide range of documents but with minimal user intervention, such 
as for purposes of initialization and object identification, and while still yielding a clean background in the thresholded 
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, .*w thP S6 objects may include, e.g., dim. broken objects; and objects that present a relatively low contrast. 
ima ge. In rea.rty. these ^ gray objects embedded in a black background, 
such as whrte ^erts « ^^SS nabi.^ of fixed thresholding to provide adequate performance with actua. 

Nevertheless. 9 ,ven .^ 0 ^^™ 9 several ^ ariable thresholding approaches that attempt to provide satisfactory 
^r^S^SS^ or more drawbacks that in practice, tend 

performance. Howeve^ai i ine pp e f djfferenl locali2ed ima ge propertes. are taught m M. Karnel e* 

Various ^g^^gg^S^, fr o m Grayscale Document Images". fW Graphical Models and 
«L. "Extract.cn of B'jyC^^" 9 203-217. Here, a logical level' approach is based on comparing a 
Imago Processing . Vol. 55 JN* 3 May -19* *j a n( . } wjth l0ur local averag es in neighborhoods 

gray level of a given pixel or its smoothed gray level mj to b sufficiently below 

centered about four pixels orthogonally ^^'^^^^^^ -mask-based subtraction", relies 
all tour .oca. averages, then the First most of 

on considering every p.xel - a ^catfflteTSetostensib^ functioning to remove "particle" noise. The 

the backgrounds ^ 

filter is applied ^^^^JS^SS^WnS image contains character/graphics pixels which are black and 
of 0. nlA, jJZ and 3rf4 The '^ u "' n9 ™*J* Sered or "mask", image is modified by detecting additional back- 
bacKground pixels ^^^^^^^'^t^pJltAe character/graphics pixel, the gray level 
ground pixels us.ng a ^^^^^Xx^^bac^Spixe^ Lastly, a gray-sca.e character/graph- 
of Hs background image .s estimated by '"TV^SSto^St from the ori 9 inal scanned ima96 
ics image is f*^ * ^ imege. Though the global threshoW 

differences then ^^^T^^eb^e^ threshoW and a varying background value essentially 
value ^J^rEST!^* first blush, these two approaches would appear to be som^t^mmune 

^TsZC^^ «PP- Ches 15 hi9hly 10 ndSe ^ ° ften reSUftS " 8 ^ ^ 

extracting dim and/or broken ^^^^'^ 4 ^ 670 (issued to R.R.A. Morton et al on September 
Anotheraoprc^ 

19. 1989 and owned ^ *£SEi!^ *5^« «*• value and a feedback signal. Here, whenever a trans-ton 
value be.ng a sum d ^ ^f^^ 3 * 9 ^^ 

ties in detecting low contrast objects. „ t a , Qn ^ ^ 28 1Q84) 

A further approach is ^ e ^^ r _*^*J^^"^^"*^^^^^^^^^^^^^**^^^^^ ^p^Mential. which is obtained on a pixel-by-pixef 
Here, adaptive ******* ^^^^o^S^IT^qb. This offset potential te used in conjunction 
basis as a function of white peak and bteckj a «W P°»*n that varies pixel-by-pixel. The peakand valley poten- 
with nearest neighbor pixels to provide an "^a^reshold ^^7^ *£, wHh predetermined minimum 

irsssss^^ a,so weare to exhiM ™ in 

extracting low contrast objects i in. ^^^TJJ SDecrfjcallv apparatus and an accompanying method, for accu- 
Theretore a ^^^^ E£?££^ ™rein -ing a threshold that varies based on .oca. 
rately and reliably ^^^^^^ noise immunity and reduced boundary artifacts, as well as 

^^^6^^** *** do conventional v.riaWe threshoHing techn^ues. 

men nfil IRF OF THE I NVENTION 

We have substantially and advantageously overcome the deficiencies in the art through our inventive multi-window 
thresholding technique. _ . ^rartipnt Gfi n is determined for each pixel fij) in an incoming 

scanned gray-scale bit-mappea image, i ™ y «w . , , |fi are det ected tor an N-by-N pixel window 

about pixe.(i.j). Next, minimum intensity. ^-^^ sum of MM** intensity 

centered over the image about p.xel(,j). h «««d about position (i j). 

SuTa^n^me, a,a then windced. abou, M position (ij). in da.a.minin, « commanding a,ca 



gradient. GS(i j). 
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Using these local measures, each image pixel(ij) is first classified as being near an edge or not. In that regard, each 
pixel near an edge is so classified if the local measures therefor, specifically its associated area gradient, exceeds a 
ore-defined threshold value. Otherwise, that pixel is viewed as falling within a locally flat field, i.e.. of relatively constant 
□ray-scale Specifically, edge pixels are classified by comparing their intensity values against average intensity values 
for local N-by-N pixel windows therefor; in contrast, pixels in flat fields are classified by comparing their intensity against 
a pre-determined intensity value. 

In particular, an image pixel(ij) located in a vicinity of an edge in the image is detected whenever the area gradient, 
GS(i D for that pixel is high, particularly being larger than a predefined gradient threshold, GT. Once such a pixel is 
found each pixel on a darker side of the edge is found. This latter pixel being in the center of a local N-by-N, e.g.. 7-by- 
7 pixel window is classified as an object pixel, i.e., black, whenever its intensity. is smaller than an average of its 
associated and L max values. Alternatively, if the intensity of this latter pixel. Lc. exceeds the average intensity value 
of L and lS then this particular pixel is classified as being background, i.e.. white. 

Where trWa'rea gradient. GS(i j). for pixel(ij) is less than the gradient threshold, such as where the N-by-N window 
slides along an image region of relatively constant gray-scale, pixel(ij) is classified by simple thresholding, i.e.. thresh- 
olding its gray-scale value against a constant predefined threshold value, IJ. Here, if the gray-scale value of pixel(i.j) is 
less than the threshold value IT, this pixel is classified as an object pixel, i.e., black; otherwise, this pixel is designated 
as part of the background, i.e., white. 

To enhance image edges and by doing so further increase thresholding accuracy, the intensity values of those pixels 
near an edge are modified. For the preferred embodiment, black pixels are illustratively represented by a value of zero 
and white pixels by a value of "1 Specifically, for those pixels located on a darker side of an edge and having an intensity 
value that exceeds the threshold value. IT, the intensity of each of these pixels is reduced to a value slightly below 
threshold IT e g:. to a value IT-. In contrast, the intensity values for those pixels, located on a brighter side of an edge 
and having an intensity value less than threshold value IT, are increased to an intensity value slightly greater than thresh- 
old valu IT, e.g.. to value IT«k A high quality binary image can then be produced by merely thresholding the resulting 
gray-scale image against predefined threshold value IT. . ^ 

Advantageously, through the use of area (summed intensity) gradients, the present invention significantly reduces 
both background noise and boundary artifact generation while accurately extracting objects in a thresholded image. The 
modrf ied gray-scale image, when subsequently thresholded using a fixed threshold value IT. greatly enhances detection 
of low contrast objects and thus readily produces a high quality binary image 

BRIEF DESCR IPTION! OF THE DRAWINGS 

The teachings of the present invention may be readily understood by considering the following detailed description 
in conjunction with the accompanying drawings, in which: 

FIG. 1 depicts a high-level block diagram of document imaging system 5 that embodies the teachings of our present 
invention; 

FIG. 2 depicts the correct alignment of the drawing sheets for FIGs. 2A and 2B; 

FIGs. 2A and 2B collectively depict a high-level flowchart of our inventive multi-windowing thresholding method; 

FIG. 3A depicts a 3-by-3 matrix of pixel location definitions which we use in determining, through a "Sober gradient 
operator, gradient strength for current pixelfij); 

FIG. 3B depicts a graphical representation of an N-by-N neighborhood of pixels centered about a current pixel(i j) 
in an image intensity record; 

FIG. 3C depicts a graphical representation of an (N-2)-by-{N-2) neighborhood of pixels centered about pixel position 
50 (i.j) in an image intensity gradient record; 

FIG. 4 graphically depicts intensity profile 400 of an illustrative scan line of an original gray-scale image, such as 
that illustratively on document 10 shown in FIG. V. 

55 FIG. 5 graphically depicts a modified intensity profile which results after thresholding intensity profile 400 shown in 
Fig! 4 according to the teachings of our present invention; 

FIG. 6 depicts a block diagram of a preferred embodiment of our present invention; 
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FIG. 7 depicts a 
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block diagram of Sum of Gradients Circuit 620 which forms part of circuit 600 shown in FIG. 6; and 
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FIG. 8 depicts a block diagram of 7-by-7 Maximum and Minimum Detector 635 which also forms part of circuit 600 
shown in FIG. 6. 

To facilitate understanding, identical reference numerals have been used, where possible, to denote identical ele- 
ments that are common to various figures. 

MnnFfi OF CAP »v'M^ QUI THE INVENTION 

After reading the following description, those skilled in the art will quickly realize that our invention is applicable : tor 
use *ZX?25 diurnent imaging system for accurately thresholding scanned documentary .mage* > ««">0im 
Z MLh loaSless of what that line art contains and the media upon which the image ongmally appears. For example. 

Z ^^oJsLn. we wnTdiscuss our invention in the context of use in threshoW^g scanned character data, such 
LTt«ii*l letters and numbers, which we will collectively refer to hereinafter as objects . 

aS X TTl *^ Joi lustration and discussion, we define black and white gray-scale pixels as having e,ght-brt gray 
, T^S'O- ^and "255" respectively. For consistency, we also define output binary pixels with black being "0" and 
whS^ 

*2 that compare pixel intensities, as would be readily apparent to those skilled .n the art. reversed from those 

TdtplctTa^igh-level block diagram of document imaging system 5 lhat embodies the teachings of our present 
25, iJSSvn svstem 5 is formed of gray-scale scanner 20. digital image processor 30 and "simple" thresholding 
?S 40 Cfo^ordocument 10 containing various objects of interest is scanned by scanner 20 to produce muto- 
circurt 40 n ope aton oocu " fe routed ^ leads 25> to a data input of digrta | 

?io?oTc^wScr n^nd° totTexi;" Levant here, threshed the scanned image data and generates both 
rSJSSS Hmage on leads 37 and an output binary image on leads 33. The modrf.ed gray-scale .mage, as 
a m ^^.f^.^'^'^ 9 below has its edges enhanced by processor 30 to subsequently increase thresholdmg accu- 
desenbed * ca^Loe ^taTppearing on leads 37 is routed to an input of thresholding circuit 40 which- 

^L^^^^ ^^^ date 8 Predefined r^ed ttneshoW value hereby 

SirsoSled "simple" thresholding. The resulting thresholds, i.e.. binary, image produced by c.rcu.t 40 is applied. 

Lads K as anUToutput binary image. Digital image processor 30 performs thresholding in accordance wrth our 
via leads 45. as anoiner o v y a required for processing bit-mapped images, processor 30 is prefer- 

SSi f£ S A^aSy this processor can be implemented through one or more general purpose microprocessore. 

a^cTateS memory and supporting circuitry and suitably programmed to implement our present .nventon in soft- 
ware ^e5 thatT micro P r P o=essor(s) could execute instructions sufficiently fast to produce the requisrte data 

th T!S-leve. flowchart of our inventive muKi-windowing thresholding method 200 is collectively depicted in RQa 2A 
and 2B ?or wNch7e correct alignment of the drawing sheets for these figures is shown in FIG. 2. During the course of 
!!. m£llhn rt ^nn reference will also be made to FIGs. 3A-3C where appropriate. 

^ "2 ^ every grayscale pixel in an incoming nnage. thereby iterating trough the 
wJTSSSL runner through which each gray-scale image pixel is processed is identical across aH such pixels, we 
w^Sre yXcu^his routine I the context of processing generalized pixe.(i.fl. where i and are positive 
Hin^xel horizontal and vertical indices within the incoming gray-scale image. In addition to gray-scale image data. 
tIZ s^e ^ values of two input parameters, specif ica.ly fixed thresholds IT and GT. These thresholds are adjusted. 
L dLriS betow 7rther to provide satisfactory thresholding across a multitude of differing .images wrth varying char- 
2^22^^ « and illumination, or can be adjusted to provide optimum thresholding for any one type of 

£Z TarSoTs^nninglonditton. In any event as a result of performing method 200 on all such grayscale image pixels. 
LTesnoWed binary or modified grayscale image wi.l be generated, with each pixel in the resulting image correspondmg 
f »r n n^m°no image Although not shown in FIGs. 2A and 2B. H a modified gray-scale image is to be produced. 
Z SSl * ^SSSSS in a "single" fashion using a fixed, pre-defined threshold, having a value IT as that value 
E^^S»t2w eraySle image can then be further processed, e.g.. through scaling or filtering, as 
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^Particular upon starting method 200. step 203 is first performed. Th,s step determines a gradiert ' ^engthtor 
oixeW ^jr^sfe accomplished by use of the so-called "Sobel" gradient operator on a wmdow of ^ 

As shown in FIG. 3A. this matrix, shown as matrix 300. is a 3-by-3 window centered about pixelOj). A > collectively 
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GX(i,j) and GY(i.j), respectively, and for each pixel position (i,j) forming the gradient strength. G(i.j) as an absolute sum 
ofGX(i.j)andGY(i.j): 

GX(i.j) = L(k1,j-1) + 2L(i+1.j) + L(i+1.j+1) - L(i-1 j-1) - 2L(i-1.j) - L(i-1,j+1) (i) 

GY(ij) = L(M.j+1) + 2L(i.j+1) + L(i+1.j+1) : L(i-1 .H) - 2L(i.j-1) - L(i+1j-1) (2) 

G(i.j) = |GX(i.D| + |GY(i.j)| (3) 

where: G(iJ) is the gradient strength at pixel position 
(U):and 

L(ij) is the image intensity, luminance, at pixel 

The res^ng^adient strength value for every image pixel collectively forms a gradient strength record for the entire 

scanned image. n ^ ■ ■ . 

Once the gradient strength, G(i,j), is determined for pixel(i.j). method 200 advances to step 206. This step, when 
performed determines the area gradient for pixel position (i,j), i.e.. GS(i.j), as the sum of the gradient strengths for each 
and every pixel position within an (N-2)-by-(N-2) window centered about pixel position (ij). This window is illustratively 
5-by-5 pixels in sire and is shown, as window 370. in FIG. 3Cfor an N-by-N. illustratively 7-by-7, window shown in FIG. 
3B the latter being window 330, centered about pixel(i,j). For purposes of comparison, the periphery of ah N-by-N 
window is shown as window 350 in FIG. 3C. Though shown sequentially to simplify illustration, step 245 is generally 
performed at essentially the same time, as symbolized by dashed line 244. as is steps 203 and 206. Step 244 determines 
both minimum and maximum pixel intensity values. L^ n and L^,, respectively, in an N-by-N window centered about 

P ' Xel Once the area gradient is determined for pixel position (ij). then, through the remainder of method 200. the three 
image measures, GSfl.D and I™ and associated with this particular pixel position are used to classify pixel(i j) 
as an object pixel, i.e.. black, or a background pixel, i.e.. white. ^ 

In particular, decision step 208 is performed to assess whether the value of the area gradient for pixel(i j). i.e.. GStij). 
exceeds a pre-defined threshold value. GT. or not. This test determines whether pixel(ij) lies in a vicinity of an edge in 
the scanned image, or not. If the area gradient is less than the threshold value. GT, then pixel(ij) does not lie near an 
edge Hence, pixel(ij) lies within a localized relatively constant tone, i.e., Ilat" field, region of the scanned grayscale 
image In this case, method 200 advances along NO path 2 1 1 emanating from decision block 208 to decision block 215. 
This latter decision block determines whether the gray-scale intensity of pixel(i j), i.e.. Uc. exceeds another pre-defined 
threshold value IT. If this gray-scale value is less than the threshold, the pixel is classified as an object pixel, i.e., here 
black* otherwise the pixel is classified as a background pixel, i.e.. here white. Specifically, on the one hand, if pixel 
intensity U is less than or equal to threshold IT, decision block 215 advances method 200. along NO path 217, to 
decisionblock 222. This latter decision block determines whether a user has previously instructed the method to produce 
a binary or gray-scale output pixel. If a binary pixel is desired, then decision block 222 advances the method, via YES 
path 225 to block 228 which, in turn, sets an intensity of output pixel(i.j) to black, i.e., zero. Alternatively, if a gray-scale 
output is desired then decision block 222 advances method 200. via NO path 224. to block 230. This latter block, when 
performed sets the intensity of output pixel(i.j) to the intensity of Uc, without any modifications made thereto. If, on the 
other hand, pixel intensity, exceeds threshold IT, decision block 215 advances method 200. along YES path 218. to 
decision block 232. This latter decision block determines whether a user has previously instructed the method to produce 
a binary or gray-scale output pixel. If a binary pixel is desired, then decision block 232 advances the method, via YES 
path 235 to block 237 which, in turn, sets an intensity of output pixel(i.j) to white, i.e.. one. Alternatively, if a gray-scale 
output is desired, then decision block 232 advances method 200, via NO path 234, to block 241. This latter block, when 
performed sets the intensity of output pixel(ij) to the intensity of Lc, without any modifications made thereto. Once step 
228. 237 or 241 is performed, method 200 is completed for pixel(ij); the method is then repeated for the next image 
pixel in succession, and so forth. ... . ■ 

Alternatively if area gradient. GS(i.j) exceeds the threshold value, GT, then pixel(i j) lies in the vicinity of an edge. 
In this case step 245 is now performed to ascertain the values of L m&x and l^ krv if these values have not already been 
determined as set forth above. Thereafter, method 200 advances to block 248 which calculates an average pixel intensity 
value, ^ . occurring within the N-by-N pixel window centered about pixel position (i.j). This average intensity value is 
simply determined by averaging the values and L^. 

Once this average value has been ascertained, method 200 advances to decision block 251 which compares the 
intensity of pixel(i j). i.e.. I^. against its associated average intensity value. L^g. When this pixel is situated on a darker 
side of an edge and hence an object pixel, then its associated average intensity value will be greater than or equal to 
its intensity value. L^. In this case, the output binary pixel for pixel position (ij) will be set to black. Otherwise, if pixel(ij) 
is situated near an edge but its average intensity value, L avg , would be less than its intensity value. Lc, then this pixel is 
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L^thendecision block 251 advances met MaMg N0p*» or gray . scale output pixel. Ha 
determines whether a user has previous* JJ^SS SS^STeS path 265. fo block 268 which, in turn, 
binary pixe. is desired, then <^^™£™££ !Ta gray-scale output is desired, then decision block 260 
sets an intensity of output pixel(i j) to black. i.e., zero. However nag y pei1orme d. determines whether 

advances method 200. via NO path » »d«n ** ™£IS£%P^n£ ,ess * ^ to * re * oW 
pixel intensity. U. exceeds the pre-deh ^'^SS!^ ««u«. sets the gray-scale output for 
Sr. then method 200 advances, along NO pat) 272JIO block £75 - va , ue of threshoW , T then method 

Soi^^ sets the 9ray - sca,e ou,5ut for pixe,(i,D to a 

value a that is slightly less. I.e.. IT-. I"*"*" associated avera ge intensity value. Levg. thendecision block 
Alternatively, if gray-scale p.xel .ntensrty : k , exceed rts < » block determines whether 

25 1 advances method 200. a^g YES path output pixel. If a binary pixel is desired. 

a oser has previously instructed ^™ X ^*^*°™£ ^ block 285 which, in turn, sets an intensity of output 
then decision block 280 advances the method v« YES path 282 too o advances method 200. 

pixel(ij) to white. i.e.. one. However rf ^^^^^^^^^^ pixe. intensity. U * 
via NO path 284. to dec,s.on block 290. Th« tetter b^ when peno . threshold IT. then method 200 

than pre-defined threshold value J 1 1 the irrtensjr ^^^f^he g «y*cale ou*ut for pixe.(i j) to the pixel 
advances, along NO path 292. to ^J^^^^SSm theS method 200 advances, along YES path 
intensity value U- New -f the mtensrty of p.xel( j) .s less ;than tnjeso . value thai is slighUy larger, i.e.. IT + . 

294. to block 297. which, when executed, sets h s ,essS Respectively. threshold IT is not critical 

r r^;^ k - « - for me ^ 200 is 

then repealed for the next image pixel lh >"£"™j£"° depicts intensity profile 400 of an illustrative scan 
With this urxJerstanding in m^ 

,ine of an original gray-scale .mage ^such - JS^^^j^^ in FIG. 5. results. As is readily apparent 
profile 400 through our inventive method, modrfied intensity P™"'« . loca ted near an edge are modified, 

^comparing profiles 400 ^Jf°^ 

P^oav^^^ 

As shown, circuit 600 .s formed of line dela ^ 6t0. specrt cany Mine o y ^ ^ 

gradient detector 615; sum of gradients ^f^^^J^Z^^ene, 664. and gates 662. 670 and 
averaging circuit 640; multiplexors 680 and 690 ^oatng wcu it 660 lorm discussed in deta il above. 

675. Circuit 600 collectively implements ^J^ ^o^ P^^ ***** 60S and 608. to an input of 
in operation, eight-bit input 0^^^^^^^ 610> specially series^onnected single 
line delays 610 and to an input oT 7-by-7 Max and ^^^^^ da ta centered aroundimage pixe.(i.j). 
,ine delay elements 610,. 610 2 and 610 3 . P • **J -S ■ J window -f^ outpil t s o1 all three 

Each delay element is tapped at three ^^J'^^SSSoSm which, through calculation of the Sobe. 
, delay elements are routed to respective inputs of gradient detect on jc* )eads 617 

operator, as described above, provides sums alTthe graoTent intensity values 

gradient value is applied to an ,nput to "™^^ fl ^^^"SJ resultant sum. as an area gradient value, i.e.. 
in a 5-by-5 window centered about p.xel pos- .on (.j) ^ in detail below. This area gradient value 

GS(ij). on 12-bit output leads 622. Circuit 620 m*»m «HGL7 and %£Z*™£<^ gradient threshoW. GT; 
is applied to an «"P* j"*^^ comparison output, appearing on 

the latter being applied to another input B ^ge or not. The comparison output is applied as an 

,ead 628. indicates whether p.xel(.j) ■ s. tua tec ' '"^Jj^j^^™ discussed* detail below, the appropriate 
inout to gates 662 and 670 for use .n selecting Ihrough multiplexor 69U. as o s 
wSSZp*. i-e- k °< °" e 01 the Refined values IT- or IT + . 
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Max and Min detector 635. depicted in FIG. 8 and discussed in detail below, ascertains the maximum and minimum 
pixel intensity values, i.e.. L max and L mjn . of those pixels contained within a 7-by-7 window centered about pixelfi.]). 
Resulting L and L mjn values, appearing on leads 637 and 639. are then averaged by averaging circuit 640. This circuit 
contains summer 642. which merely adds these two values together into a resultant sum. and 12 and delay circuit 646 
which irrplements a divide by two operation by shifting the sum one-bit to the right; hence dropping the least significant 
bit The resultant averaged intensity value is then appropriately delayed within circuit 646 for purposes of achieving 
proper synchronization within circuit 600. 

II the area gradient value. GS(i.j). exceeds the pre-defined gradient threshold. GT. then the averaged intensity value. 
L used as a threshold level in determining the value of output center pixel(i j); else, if the area gradient value is less 
than or equal to the gradient threshold, then value IT is used as the threshold level in determining the value of output 
center pixel(i j). In this regard, the averaged intensity value. L avg . is applied to one input of comparator 650. The current 
center pixel value. Uc. is applied through delay element 630 to another input of comparator 650 as well as to one input 
of comparator 655. The delay of element 630 is set to assure that the proper corresponding values of Lc and L^g are 
synchronously applied to collectively comparators 650 and 655. multiplexors 680 and 690, and gating circuit 660. The 
f ixed threshold value, IT. is applied to another input of comparator 655. Comparator 650 produces a low or high or low 
level output on lead 653 if pixel intensity value 1^ is less than, or equal to or greater than, respectively, its associated 
averaged intensity value. Uvg. This output level is applied to both one input ("1") of multiplexor 680 and one input of 
AND gate 662 Multiplexor 680 selects the output binary pixel as between two bits generated from using two different 
thresholds i e value IT or L flvg . In that regard, comparator 655 produces a high output level at its A>B output whenever 
the predefined threshold value IT is greater than pixel intensity value 1^. The level at output A>B is routed, via leads 
657 to another input ("0") of multiplexor 680 and to one input of AND gate 670. Multiplexor 680 produces the output 
binary value for pixel(i.j). To do so, the comparison output level produced by comparator 625. indicative of whether the 
area gradient. GS(i.j). exceeds the gradient threshold. GT, is applied as a select signal, via lead 628. to a select fS") 
input of multiplexor 680. If this select signal is high, thereby indicating that the area gradient exceeds the gradient thresh- 
old, then multiplexor 680 routes the level applied to its "1 " input, i.e.. that generated by comparator 650, to binary output 
lead 33- else, the multiplexor routes the level then appearing at its "O" input to lead 33. 

Multiplexor 690 routes the center pixel value. L^. or a pre-defined value IT+ or IT- as the output gray-scale value to 
eight-bit output leads 37. Pre-defined values IT+ and IT- along with center pixel value Lc are applied to different corre- 
sponding eight-bit inputs to multiplexor 690. The output of this multiplexor is determined by the state of two select signals, 
SO and SI : if these signals assume the binary values zero, "1" or "3-. then the multiplexor will route center pixel value 
U value IT+ or value IT-, respectively, to output leads 37. Gating circuit 660. in response to the comparison output 
sionals produced by comparators 625, 650 and 655 generates, by simple combinatorial logic, the two select signals. SO 
and SI applied to multiplexor 690. Specifically, if the area gradient is not larger than the gradient threshold, then, as 
discussed above gray-scale pxel value Uc. without any modification, will be applied through multiplexor 690, to output 
leads 37 Alternatively, if the area gradient exceeds the gradient threshold, then multiplexor 690 will apply ether value 
IT+ or IT- as a modified gray-scale output value to lead 37 based upon whether center pixel intensity value is less 
than its corresponding average pixel intensity value. L avg . or not. Since the operation of gating circuit 660 is self-evident 
from the above description to anyone skilled in the art, it will not be discussed in any further detail. Values IT- and IT+ 
are merely held in appropriate registers (not shown) and from there applied to corresponding inputs of multiplexor 690. 

FIG 7 depicts a block diagram of Sum of Gradients Circuit 620 which forms part of circuit 600 shown in FIG. 6. 
Circuit 620 as shown in FIG. 7. is formed of adder 710 and line delays 720. the latter containing four series-connected 
single-line delay elements 720 0 , 720 1( 720 2 and 720 3 . Incoming gradient intensity values are applied, over lead 617 
from gradient detection circuit 615 (shown in FIG. 6). to one input of adder 710, shown in FIG. 7. In addition, the output 
of each of the four line delays 720 is routed over a different one of four feedback leads 715 to a different corresponding 
input of this adder. As a result, adder 710 forms partial sums of 1-by-5 gradient values which are applied, as input, to 
delay element 720 0 . To generate a 5-by-5 sum of the intensity gradients, hence producing an area gradient measure, 
four preceding corresponding 1 -by-5 sums are added together within adder 710 to a present 1 -by-5 sum. with the result- 
ant overall 5-by-5 sum being applied to output lead 622. Use of these delay elements connected in this fashion substan- 
tially reduces the amount of logic that would otherwise be needed to generate twenty-five intermediate sums. 

FIG. 8 depicts a block diagram of 7-by-7 Maximum and Minimum Detector 635 which also forms part of circuit 600 
shown in FIG. 6. As noted above, detector 635 determines the maximum and minimum pixel intensity values, L^* and 
U, respectively within a 7-by-7 window centered about pixel posrtion(i j). This detector is formed of two separate 
circuits- maximum detecting circuit 805 and minimum detecting circuit 840 which extract a pixel value having a maximum 
and minimum intensity value, respectively, of all the pixels contained within the 7-by-7 window centered around pixelfi j) 
and respectively apply those two values to leads 637 and 639. Circuit 805 contains maximum detector 810 and lin 
delays 820. the latter being formed of six series-connected single-line delay elements 820 0 . 820n. 820 2 , 820 3 . 820 4 and 
820 5 Similarly, circuit 840 contains minimum detector 850 and line delays 860, the latt r being formed of six series- 
connected single-line delay elements 860 0 . 860 1( 860 2 , 860 3 , 860 4 and 860 6 . Inasmuch as circuits 805 and 840 function 
is an identical manner with the exception that detector 81 0 locates maximum values while detector 850 locates a minimum 
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values both from the same series of pixel intensity values applied over lead 608. we will only discuss circuit 805 in detail; 
E ! n We , artwill then readily appreciate how circuit 840 functions from this d.scuss.on. 

££L o xel^ity r a .ues a eTpplied. over lead 608 to one input of maximum detector 810. In addition the 
^ ^ml ltx Hne delays 820 is routed over a different one of six feedback leads to a respective .nput of this 
£EL? SSU^^^SSi 810 extracts the maximum pixel intensity value from a 1-by-7 series of pixei 
TL'rSTSes S maximum value as input to line delay element 820 6 . In conjunction with six preceding corre- 
values and applies this ma* J™ line delavs 820 maximum detector 810 locates the maximum pixel intensity 

spending mj-num J^^^^pSSS^ that value, as oulput. to leads 637. Here, the use of 

jnimmpdiate maximum and minimum pixel intensity values. 
9 i one can n^aoprSate. the quality of the resulting thresholded image produced by our invention ,s controlled 
. *J?Zi thresholds GT and IT Threshold GT is set to properly classify image pixels located in the vicinity 

jSTiSite Sed in image regions of uniform tone. i.e.. flat" fields. In that regard, a low IT value tends to classrty 
classify pixels located in i • 9 8 jve| „. h QT value is used> then our invention for all practical 

P 'Tl°Is a S2"S? Elding with a f ixed'thresho* IT. In this situation, the value of threshold GT 
P "i KSJ 'be tamer than the area gradient, thereby causing our invention to classify pixels by essentially solely com- 
will always be ta* er «J" » » threshold IT. Our invention can also produce an outline image through 

SS. M l~»po™» «- of •» i"v««oo m« be ea* construed by .hose *M n 

the art 

■K,n. IRTRIAL AP Pi »r.ARILITY AND ADVANTAGES 

The oresent invention is useful in image scanning systems and particularly for thresholding scanned gray-scale 
• ^tlLTne art The invention advantageously provides more accurate thresholding than that previously 

SSbTeTn the^ inanity ^background noise in the scanned image and substantia.* 

30 eliminating boundary artifacts from a threshokJed image. 

Claims 

, a m.thnd for thresholding an input gray-scale image into a first output image, wherein said input jmage is formed 
1 . A method tottMBiwos a a m Xbit gray-scale pixel value associated therewith, and wherein said first output image 
" iSZSi p^^Z ^^^ output pixel value associated therewith, characterized in that the 

^as^S! in to a pluralfty of pixe. values in the input image, an area gradient value for a first 

window^O? S^e-defined size, of intensity gradient values associated with ones of the pixel values centered 

' . m \ t 'L niY -i nosHion (i i) (where i and i are pixel indices), in the input image; 
abOUt SS in^ loa second wi'ndow^ao). of pre-defined size, of input pixels centered about ^ the 
curren^S TposrtSn (i.j) Tthe input image, a maximum pixel value and a minimum pixel value of the pixel values 

Z^^n^^^'^ value and the maximum and minimum pixel values, a current one of 
Iterates Jcfthe current pixel position (ij) in the input image into an output pixel value at a corresponding 
position in the first output image. 

Hflim 1 wherein the area gradient ascertaining step comprises the steps of : 
T 6 me m ea1u?iS Tin esponsT,ra third window (370). of the pixel values, of a pre-defined size and centered about 
, he cur^nTSosition (i.J) in the input image, an intensity gradient. G(i.j). value for the cunent p,xe. posrtion such 
t£aUo. \ ^s P ucclssion of input pixels in the input image, a plurality of corresponding intensity gradient values * 

d ^ in 1om7ng the first window of intensity gradient values from the plurality of intensity gradient values and. in 
response to said first window, determining said area gradient value. 

ThP method in claim 2 wherein said first window forming and area gradient determining step comprises the step of 
TnZt^ZSones of the intensity gradient values in said first window to produce the area gradient value. 
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4 The method in claim 3 wherein said thresholding step comprises the steps of: 

comparing the area gradient value, GS(i j), to a pre-defined gradient threshold value, GT. so as to produce 
a comparison signal indicative of whether a current one input pixel located at the current pixel position (ij) in the 
input image lies in a vicinity of an edge in said input image; 

rf the comparison signal indicates that said current one input pixel does not lie in the vicinity ol the edge, 
thresholding, in response to said comparison signal, said input pixel value at position (ij) in the input image against 
a pre-defined fixed gray-scale threshold value, IT, to yield a corresponding binary output value at pixel position 

in the first output image; and 

it the comparison signal indicates that said one current input pixel does lie within the vicinity of an edge, 
setting, in response to said comparison signal, said corresponding binary output value to a first or second state If 
the current one pixel value either exceeds or is less than an average of the maximum and minimum pixel values, 
respectively. 

5 The method in claims 3 or 4 wherein said intensity gradient measuring step comprises the step of producing the 
intensity gradient value for the current pixel position by processing said third window of input pixel values through 
a Sobel operator. 

6. The method in claim 5 wherein the third window is a 3-by-3 window of input pixel values and the Sobel operator 
implements the following equations: 

GX(i j) - L(i+1 + 2L(k1 j) + L(i+1 j+1) - L(M.H) - 2L(i-1 j) - L(M j+1); 

GY(ij) = L(i-1j+1) + 2L(ij+1) + L(i+1 - L(i-1 - 2L(ij-1) - L(i+1 j-1); 

and 

G(ij)«|GX(ij)| + |GY(i.D| 

where: L(i j) is an input pixel value, in luminance, for 
the pixel position (i j) in the input image. 

7. The method in claim 4 further comprising the steps of: 

producing, in response to said comparison signal and the pixel value (Lc) at the current pixel position (i j). a 
modified gray-scale output pixel value at position (i j) in a second output image, wherein, if the comparison signal 
indicates that the one current input pixel does not lie in the vicinity of the edge in said input image, the modified 
gray-scale output pixel value is set equal to the pixel value L-c. or if the comparison signal indicates that the current 
one input pixel does lie in the vicinity of the edge, the modified gray-scale output pixel value is set equal to a pre- 
defined value greater than or less than the threshold value IT when the pixel value Lc is greater or less than, respec- 
tively, the threshold value IT; and 

thresholding the modif ied gray-scale output pixel value, against the threshold value IT, to yield a corresponding 
second binary output pixel value at a pixel position (ij) within a second output image. 

8 Apparatus for thresholding an input gray-scale image into a first output image, wherein said input image is formed 
of input pixels each having a multi-bit gray-scale pixel value associated therewith, and wherein said first output image 
is formed of pixels each having a corresponding output pixel value associated therewith, characterized in that the 
apparatus utilizes the steps recited in any of claims 1-7. 
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A multi-windowing technique for threshholding an Image using local image properties 



(54) 

(57) A technique. specificaDy apparatus and an 
accompanying method, for accurately thresholding an 
image based on local image properties, specifically lumi- 
nance variations, and particularly such a technique that 
uses multi-windowing for providing enhanced immunity 
to image noise and lessened boundary artifacts. Specif- 
ically a localized intensity gradient. G(i j). is determined 
for a pre-defined window (300) centered about each 
image pixel(ij). Localized minimum and maximum pixel 
intensity measures. L™„ and U ax . respectively, are also 
determined for another, though larger, window (330) cen- 
tered about pixel(ij). Also, a localized area gradient 
measure. GS(i.j). is determined as a sum of individual 
intensity gradients for a matrix of pixel positions (370) 
centered about pixel position (i,j). Each image pixel(i j) is 
then classified as being an object pixel, i.e., black, or a 
background pixel, i.e.. white, based upon its area gradi- 
ent. GS(ij). and associated L,™ and L^ measures. 
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